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S U M M A R Y  

Bacillus polymyxa (NRRL-18475) produced a levan-type fructan (B, 2---+ 6 fructofuranoside) when grown on sucrose, sugarcane juice, and sugarbeet 
molasses. The organism converted about 46% of the fructose moiety of sucrose to levan when grown on sucrose medium, however, the yields of levan 
from sugarcane juice and beet molasses were much less than sucrose solution. Such sugarcane juice and beet molasses can be made a good substrate for 
levan production by various modifications. Adding peptone to sugarcane juice or passing beet molasses through a column of gel filtration media improved 
levan yield to a level almost comparable to that obtained from sucrose. 

I N T R O D U C T I O N  

Industry uses large quantities of natural  polysac- 
charides,  and new sources of polysaccharides are being 
sought. In recent years, attention has been directed 
toward producing extracellular polysaccharides by micro- 
bial fermentation. Examples are dextran and xanthan gum 
produced by Leuconostoc mesenteroids and Xanthomonas 
campestris, respectively [5,7,9,15]. Levans are natural  
polymers of sugar fructose and are found in many plants 
and microbial  products.  Levans and inulins are both fruc- 
tan but have different chemical structures and properties:  
the former is B-(2----+ 6) linked fructans whereas the lat ter  
is B-(1 ,6)  linked fructans. A variety of  microorganisms 
produce levan. Most  common ones are Bacillus subtilis 
[2,17], Aerobacter levanicum [16] and Streptococcus sali- 
varius [13]. We have isolated a strain ofB. polymyxa which 
produced a large quantity of extracellular polysaccharide 
when grown on sucrose solution [6]. The polysaccharide 
was fructose polymer, linked by B-(2 ,6)  fructo- 
furanosyl linkage. I3C-NMR and methylation analysis 
revealed the polymer to be a levan type fructan [8]. 

Microbial  levan has been known for many years [11], 
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but has not been commercially produced and utilized, 
mainly because a large quantity of low-cost source of 
levan was not available and its characteristics were 
unknown. Like dextran,  it is a by-product  of sugar proc- 
essing and imparts  deleterious effects [1,4]. On the other 
hand, levans, which can only be produced from sucrose, 
have potential  in industrial applications, such as surface 
coating or emulsion stabilization [7]. Because of its low 
viscosity and high water  solubility, levan may be a poten- 
tial substitute for gum arabic. 

Cane juice and beet  molasses are relatively inexpen- 
sive and renewable materials that  are widely used as a 
substitute for sucrose in various industrial fermentation 
media [10,12,18]. "However, sugarcane juice and beet 
molasses in their native state are poor substrates for 
microbial levan production. In this study, B. polymyxa 
was grown on sugarcane juice and beet  molasses,  and its 
fermentation characteristics and levan yield were studied 
to assess the suitability of these materials as a substitute 
for sucrose in levan production. 

M A T E R I A L S  A N D  M E T H O D S  

Microorganism and media. Bacillus polymyxa (NRRL 
B- 18475) was grown and maintained on a sucrose medium 
consisting of (g): sucrose 150, (NH4)2SO 4 2.0, peptone 
2.0, yeast  extract 2.0, MgSO4 0,3, in a liter of water. 
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Sugarcane juice, a mixture of several varieties of sugar- 
cane harvested in Louisiana in 1988, was obtained from 
the USDA Sugarcane Field Lab, in Houma, LA. The 
sugar juice contained total solid 21.8 To, sucrose 18.4 ~o, 
glucose 1.1~o, fructose 0.9~o, total nitrogen 0.1 ~ ,  and 
total phosphorus 0.01~o. Sugarbeet molasses (Island 
variety) were obtained from Westway Trading Corpo- 
ration, New Orleans, LA. The beet molasses contained 
total solid 82.8 ~o, sucrose 56.0 ~/o, glucose 0.4y o, fructose 
0.3 ~o, total nitrogen 2.4~o, and total phosphorus 0.02~o. 

After filtering through 6 layers of cheesecloth, sugar- 
cane juice was used as a fermentation medium without 
further dilution because it contained a similar level of 
sucrose as sucrose medium. However, 0.2~o levels of 
(NH4)2804, peptone, and yeast extract were added to 
fortify the sugarcane juice. Beet molasses were diluted 
three times with water to make the final sucrose concen- 
tration of 15~o. The diluted molasses were then passed 
through columns of gels (Sephadex G-25, fine grade, 
Pharmacia Fine Chemicals and Cellufine GH-25, Amicon 
Corp.) or anion exchange resin (Dowex 1-X8 200- 
400 mesh, chloride form). The column contained about 
15 volumes of the gels or anion exchange resin. The fer- 
mentation was carried out in 2800 ml Fernback flasks at 
30 ~ on a rotary shaker at 150 rpm. The initial pH of the 
media was 7.0 for sucrose medium, 6.8 for sugarcane 
juice, and 7.0 for beet molasses. The media were inocu- 
lated with about 5 To volume of actively growing culture. 

Production and purification of levan. The organism 
grown on a sucrose medium was successively transferred 
to larger volumes and the final culture was in 1500 ml 
medium in Fernbach flasks. The cultures were incubated 
at 30 ~ on a rotary shaker (170 rpm) for 10 days. After 
growth, the culture was centrifuged at 27500 x g to 
remove bacterial cells, dialyzed through a membrane tub- 
ing (Spectrum Medical Industries, Inc., Los Angeles, CA) 
having a molecular weight cut off of 12000-14000 to 
remove unfermented sugars and fermentation products of 
small molecular weight, and finally the levan was precipi- 
tated by mixing the cultural broth with 1.5 volumes of 
ethanol or isopropanol. Repeated precipitation and dis- 
solution in water was performed to purify the levan. The 
precipitate was finally collected and freeze- or vacuum- 
dried. 

Analytical methods. Levan, sucrose, glucose and fruc- 
tose were determined by high performance liquid chroma- 
tography (Beckman model 324 gradient liquid chromato- 
graph) with an Altex refractive index detector and an 
Aminex HPX-87 column (Bio-rad Corp, Richmond, CA). 
Deionized water was used as a mobile phase. The levan 
produced by B. polymyxa grown on sucrose medium and 
purified by a series of centrifugation, dialysis and 
lyophilization was used as a standard. Gross estimation 

oftevan was made by the weight of the precipitate formed 
by adding 1.5 volumes of ethanol to the culture filtrate. 
The precipitate was collected by siphoning off the super- 
natant, excess alcohol removed by blotting, and the 
sample vacuum dried and weighed. Total nitrogen was 
determined by the micro-Kjeldahl method of Perrin [14], 
and phosphorus was measured by the method of the Tech- 
nicon Co. (Industrial Method No. 376-75W/B, Auto 
Analyzer II, Technicon Industrial Systems, Terrytown, 
NY). The number of viable cells was determined by plat- 
ing a portion of the culture on sucrose medium solidified 
with agar. The pH of the medium was determined by a 
Corning 140pH meter (Corning Scientific Product, 
Halstead, Essex, England). 

RESULTS AND DISCUSSION 

In a typical fermentation, B. polymyxa produced about 
3.6 g of levan in 100 ml of a growth medium containing 
15~o sucrose (46~ yield on an available fructose, where 
7.89 g fructose are available from 15 g sucrose). However, 
the amount of levan produced from sugarcane juice 
(0.65~o yield) and beet molasses (0.36~o yield) was 
extremely low compared to that from sucrose, although 
sucrose content in the media were comparable (Table 1). 
Although sugarcane juice and beet molasses have been 
widely used as a substitute for sucrose in alcohol fermen- 
tation, levan production on these substrates was poor. 
This was probably due to the adverse effects of colloidal 
materials, high pH, and betain, the main nitrogen con- 

TABLE 1 

Effect of nutritional ingredient on levan production 

Media Levan (~o) 

Sucrose medium 3.60 
Sugarcane juice 0.65 

+ (NH4)2SO4, 0.2~o 0.61 
+ Peptone, 0.2~o 1.95 
+ Yeast extract, 0.2~o 0.96 
+ All ingredients a 1.96 

Beet molasses 0.36 
+ (NH4)2SO4, 0.2~o 0.35 
+ Peptone, 0.2% 0.53 
+ Yeast extract, 0.2~o 0.60 
+ All ingredients a 0.83 
passed through Sephadex G-25 gel 3.60 
passed through Cellufine GH-25 gel 3.80 
passed through Dowex l-X8 anion exchange 
resin 1.40 

a Combination of (NH4)2SO 4 0.2%, peptone 0.2%, yeast 
extract 0.2 ~o. 
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stituents of beet molasses, as suggested by Dhamija et al. 
[3]. The complexity and variability of cane juice and beet 
molasses made it difficult to establish their optimal fer- 
mentation conditions. However, adding 0.2% peptone in 
cane juice increased the levan yield from 0.65 % to 1.95 %, 
which is about half the amount obtained from sucrose 
medium. Addition of 0.2% (NH4)2SO 4 or 0.2~o yeast 
extract had little effect. Desalting beet molasses through 
gel filtration media improved the levan yield to almost the 
same level as that from sucrose. However, addition of 
(NH4)2804, peptone, and yeast extract had little effect. 
The texture and appearance oflevan produced from beet 
molasses was different from that produced from sucrose. 
it was brownish and had a clay-like texture, devoid of the 
typical white, smooth, gummy properties. Desalting beet 
molasses remedied the problem. The levan produced from 
desalted beet molasses had almost the same texture and 
appearance as that from sucrose. Apparently, the excess 
minerals in beet molasses inhibited levan formation and 
produced a poor quality product. 

Fig. l a shows the kinetics of levan formation by 
B. polymyxa grown on a sucrose medium and Fig. lb fer- 
mentation characteristics of the organism grown on beet 
molasses. The organism converted sucrose into levan and 
accumulated glucose, as shown by a decrease in sucrose 
and an increase in levan and glucose in the growth men- 
struum. During fermentation, the sucrose level dropped 
and levan started to appear within 2 days; thereafter, the 
sucrose level rapidly decreased as levan increased. Levan 
level peaked at 5 days and about 3.6% levan was obtained 
from 15% sucrose medium (about 47% theoretical yield 
based on available fructose content). About 2 - 3 %  glu- 
cose was accumulated in the medium. A small amount of 
fructose and unidentified fermentation products, smaller 
in molecular weight, were also produced. Sucrose was 
almost completely diminished after 10-day fermentation. 
The levan production correlated to the cell growth, which 
reached the stationary phase within 3-4  days and the 
number of viable cells dropped quickly after 6 days of 
incubation. The pH of the growth medium fell from 7.0 to 
4.7 due to acid formation. Maintaining the pH above 5.5 
is important, because the optimum pH for levansucrase is 
5.5-7.0 and levan may be hydrolyzed at low pH [1]. 

Levan was harvested by precipitation from the culture 
broth by adding ethanol or isopropanol. Acetone and 
methanol could also be used. Levan precipitated immedi- 
ately upon addition of the solvents. The yield and con- 
sistency of the product varied depending on the amount 
of alcohol added. The levan precipitated at the medium- 
to-alcohol ratio of 1 : 1.2; any further increase in the alco- 
hol hardened the levan texture. The product was purified 
by repeated precipitation and dissolution in water, fol- 
lowed by dialysis or ultrafiltration. The final product was 

an off-white, gummy material that could be freeze- or 
vacuum-dried. 

Levans, natural polymers of fructose that are only 
made from sucrose, have never been commercially pro- 
duced and used. Because of  their low viscosity, high solu- 
bility and other characteristics, levan may find a unique 
use or replace existing polysaccharides in industry. Sugar- 
cane juice and beet molasses, after proper modification, 
may be used as low-cost substitutes for sucrose in com- 
mercial production oflevan. Although the need for proper 
modification ofsubstrates was demonstrated, inexpensive 
practical methods must be devised before introducing 
industrial applications. 
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Fig. 1. (a) Kinetics oflevan production by B. polymyxa grown on 
sucrose medium: - -  x - -  sucrose; - - A - -  levan; - - o - -  glucose; 
- - t - -  fructose. (b) Fermentation characteristics ofB. polymyxa 
grown on beet molasses: - -  x - -  viable cell count; - - o - -  tevan; 

- - A - -  pH. 
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